By 1995 Meiswinkel had recognized 112 South African Culicoides species; 43 of these were new to science which he tentatively numbered until they can be described formally (Meiswinkel et al. 2004) . Two of these undescribed species were the very closely related Avaritia species which he provisionally named C. sp. # 54 p.f. and C. sp. # 54 d.f. (Meiswinkel & Braack 1994) . Although their wing pat terns are nearly impossible to differentiate under a dissecting microscope, C. sp. # 54 d.f. is generally the smaller of the two and has a darker wing pattern.
Since about 1983 when C. sp. # 54 d.f. and C. sp. # 54 p.f. were first recognized they have been referred to in various publications (Meiswinkel & Braack 1994; Meiswinkel 1995 , Meiswinkel et al. 2004 . The most detailed reference to C. sp. # 54 (s.l.) is that of Meiswinkel & Braack (1994) on five Culicoides species collected live from behind the ears of African elephants in the Kruger National Park. They stated that the two species differed in their biology with C. sp. # 54 p.f. appearing to be exclusively associated with elephants, from whose dung it had been reared in large numbers. The dark form on the other hand had been reared from a variety of dung types including elephants, zebras and white and black rhinoceroses (Diceros bicornis). A further difference noted by Meiswinkel (1995) was that, when rearing Culicoides species from elephant dung, C. sp. # 54 p.f. was the first to emerge, followed by C. sp. # 54 d.f. and then C. loxodontis.
Between 1989 and 1993 the senior author studied, described and compared the pupae of the known dung-breeding Culicoides (Avaritia) species. From collections of dung made at many localities she was able to recover the pupae of five species, namely C. bolitinos, C. loxodontis, C. sp. # 107 (= C. kwagga), C. sp. # 54 p.f. and C. sp. # 54 d.f. Unfortunately no pupae of the remaining dung-inhabiting species C. kanagai and C. sp. # 50 could be found in the dung collections. The pupae of the first three of the above mentioned Avaritia species were described in a comparative study of the pupae of five species of the C. imicola complex (Nevill, Venter, Meiswinkel & Nevill 2007 ). This paper describes the pupae of the remaining two dung-breeding Culicoides species, C. sp. # 54 p.f. and C. sp. # 54 d.f. and compares them with those already described. Although the taxonomic description and formal naming of the adults of these two species have yet to be done, the present description and comparison of their pupae will contribute to recognizing them as two clearly distinct species. It will also assist with the differential diagnosis of the dung-breeding Culicoides species of this region.
MATERIALS AND METHODS
The collection method, recovery of pupae and linkrearing of adults have been described in detail by Nevill et al. (2007) . Some of the dung collected during the period April 1990 to September 1992 towards the 2007 study also yielded C. sp. # 54 d.f. and C. sp. # 54 p.f.
Eighty slide-mounted pupae of C. sp. # 54 d.f. were studied. These were bred out of dung collected from the Kruger National Park (KNP) (elephant, white rhinoceros, black rhinoceros); the Hluhluwe Game Reserve in KwaZulu-Natal Province (elephant and white rhinoceros); the iMfolozi Game Reserve, also in KwaZulu-Natal (white rhinoceros and zebra) and the Van Riebeeck Nature Reserve near Pretoria (zebra). Forty-four slide-mounted pupae of C. sp. # 54 p.f. were studied, all of which were bred from elephant dung collected in the KNP.
Slide preparation, character terminology, abbreviations and illustrations follow Nevill et al. (2007) and Nevill & Dyce (1994) . The identification of the linkreared specimens was confirmed by R. Meiswinkel of the ARC-OVI.
RESULTS
Pupae Culicoides sp. # 54 dark form (Meiswinkel) (Fig. 1A-H ; Tables 1-2)
Description
Mean total length 1.52 mm (1.44-1.64 mm; n = 10). Cephalothorax slightly darker yellow than abdomen.
RespiRatoRy oRgan ( Fig. 1A ; Table 1) Proximal one third darker yellow than distal two thirds. Horn short, proximal third wider than distal two thirds. Folds medially. Scales absent. Lateral spiracles five (4-6), medially situated spiracles on unpigmented prominences. Terminal spiracles three (2-4), the most distal lateral spiracle sometimes indistinguishable from terminal spiracles. Pedicel short, 0.17 length of horn. opeRculum ( Fig. 1B; taBle 1) Yellow. In both females and males, opercular disc wider than long; distance between am tubercles dis- Table 1) Am tubercle without spurs; seta very long, stout; basal sensillum (Fig. 1B) . Vm sensilla and setae absent. Two thin vl setae of almost equal length and width; a third sensillum present (Fig. 1D ). Ad tubercle without spurs; seta i very long, stout; seta ii long, slightly thinner; a third sensillum present (Fig. 1F ).
tHoRax ( Fig (Fig. 1C ). Dl tubercle with three setae: one terminal, short, thin, sharp; one lateral, short, thin, sharp and one basal, in fold, of equal width throughout (Fig. 1E) .
aBdomen ( Fig. 1G ; Tables 1-2) All tubercles very small. Dpm i seta on slight prominence, minute; dpm ii, iii and v absent; dpm iv base rounded, with or without sharp spur, seta short, thin, sharp. Sensillum present between dpm i and iv. Lpm i-iii with more elongated bases, each with a large, sharp, spur; lpm i and iii seta short, thin, sharp; lpm ii seta longer, thinner than lpm i and iii. Vpm i-iii bases rounded, each with or without a sharp spur; vpm i seta short, thin, sharp; vpm ii seta longer, thinner than vpm i; vpm iii seta shorter, thinner than vpm i, sharp. Dasm i without spur, seta short, thin, sharp; dasm ii base rounded, mostly with a sharp spur, seta longer, thinner than i; sensillum present between dasm i and ii. Lasm base elongated, seta short, thin, sharp. Anterolateral spiracle present. Anterior band of spinules interrupted dorsally, ventrally and laterally. Posterior margin of segment granulate.
caudal segment ( Fig. 1H ; Pupae Culicoides sp. # 54 pale form (Meiswinkel) ( Fig. 2A-H ; Tables 1-2)
Mean total length 1.43 mm (1.36-1.50 mm; n = 7). Yellow-brown, cephalothorax slightly darker than abdomen. Two conspicuous protuberances on operculum.
RespiRatoRy oRgan ( Fig. 2A ; Table 1) Distal two thirds pale, proximal third darker. Horn short, proximal one third wider than distal two thirds. Folds medially. Scales absent. Lateral spiracles five (4-7), medial spiracles on small, slightly pigmented prominences. Terminal spiracles three (2-4), the most distal lateral spiracles sometimes indistin- opeRculum ( Fig. 2B ; Table 1) Yellow-brown. In both ♀♀ and ♂♂ operculum wider than long. Long setaceous spines on anterior half of disc, spines sparser and shorter posteriorly. Disc and posteromedial protuberance heavily noduled.
Head tuBeRcles and setae (Fig. 2B , D and F; Table 1) Am tubercle on large, distinct protuberance (Fig.  1B) , am tubercle without spur, seta long, stout; basal sensillum present (Fig. 1B) . Vm setae absent. Two thin vl setae of almost equal length and width; a third sensillum on slight prominence (Fig. 1D ). Ad tubercle without spurs, seta i long, stout; seta ii shorter, thinner; a third sensillum, elevated (Fig. 1F) .
tHoRax ( Fig (Fig. 2C ). Dl tubercles with three setae: one terminal, short, thin; one lateral, slightly longer; one basal, in fold, of equal width throughout (Fig. 2E) .
aBdomen ( Fig. 2G ; Tables 1-2) Tubercles of moderate size, covered with spines and spinules. Dpm ii, iii and v absent. Dpm i base rounded, seta minute; dpm iv base rounded, seta short, thin, sharp, sensillum present between dpm i and dpm iv. Lpm i-iii bases more elongated, lpm i seta short, thin, sharp; lpm ii seta longer than i, thinner; lpm iii longer than i and ii, stouter, sharp. Vpm seta i short, thin, sharp; vpm ii seta longer, thinner than i and iii; vpm iii seta shorter than i. Dasm i seta short, thin, sharp; dasm ii seta longer than i, thinner; sensillum present between dasm i and dasm ii. Lasm base elongated, seta slightly longer than lpm iii, equal width. Anterolateral spiracle present. Anterior band of spinules interrupted dorsally, ventrally and laterally. Large nodules cover whole integument.
caudal segment ( Fig. 2H ; 
DISCUSSION AND CONCLUSION

Differential diagnosis
The most important morphological characters which differentiate C. sp. # 54 d.f. from C. sp. # 54 p.f. are:
• the two large protuberances on the operculum of C. sp. # 54 p.f. that can be observed under 25x magnification;
• length differences between setae of lpm i-iii; lpm ii always longest in C. sp. # 54 d.f. and lpm iii always longest in C. sp. # 54 p.f.;
• length differences between setae of d iii, with those of C. sp. # 54 p.f. distinctly longer;
• the abdominal tubercles, that of C. sp. # 54 p.f. covered with a number of spines and that of C. sp. # 54 d.f. with only a large, sharp spur;
• the integument of C. sp. # 54 p.f. is covered with nodules, that of C. sp. # 54 d.f. clear.
The pupae of the above-mentioned two species, as well as the five Imicola complex species, C. bolitinos, Nevill et al. (2007) , are all easily separated from one another by their morphological and ecological characters. This contributes to the differentiation of closely related species where the adults are difficult to separate. No group of characters could, however, differentiate the Imicola complex from C. sp. # 54 d.f. and p.f. except that the seta of d i and d ii are of almost equal length in the latter two species while in the Imicola complex there is a marked difference in lengths. Also, the two species that utilise elephant dung for their larval habitat, i.e. C. loxodontis and C. sp. # 54 p.f. are the only two spe cies that have the two large protuberances on the operculum. No significant differences were found between the pupae of C. sp. # 54 d.f. reared from the dung of different host species, nor between the pupae of C. sp. # 54 p.f. bred from elephant and white rhinoceros dung.
Where previously the recognition of these two Culi coides species had depended largely on whether they had pale or dark wings, the morphological differences between their pupae leave no doubt that they are indeed two separate species. This is further reinforced by their different larval habitat preferences and other aspects of their biologies.
The present study has again proved the value of comparative pupal morphology as an additional tool towards differentiating between closely related species, and brings to 28 the total number of pupae described for Afrotropical Culicoides.
